patients with 'juvenile cirrhosis' have not fallen into a natural group, but have been included in other clusters or remained unclustered. So it appears that the program has clustered the patients but not with sufficient precision, and there appear to be two possible approaches which may enable us to obtain a more profitable division. Modification of the input data may alter the similarity coefficients, and the use of a different clustering technique may be more appropriate.
Modification ofInput Data Many clinical characters elicited in patients with liver disease are nonspecific, and only a few are pathognomonic. The same criticism can be made concerning the results of many hxvmatological investigations, and it is not until the results of biochemical investigations are considered that discrimination can be made between liver diseases which are clinically similar but pathologically distinct. Special investigations such as venography, cholangiography, exploratory surgery and hepatic histology, enable even greater discrimination to be made.
For these reasons we are attempting to alter the distribution of our characters, contracting the clinical data and expanding the information derived from selected investigations, especially the histological data. The liver biopsies have been reviewed and information on 50 histological characters is now available for each patient. This will put greater emphasis on the histological data, and will enable the often highly discriminant information obtained from a liver biopsy to be used more profitably. This is ofcourse a 'weighting system' since we are not giving all characters equal importance. However, our aim is to obtain a useful classification, and we are inclining to the view which is emerging in taxonomy, that equal weighting should no longer be regarded as axiomatic. Unfortunately, no fully satisfactory method of representing relative importance for the computer, in a numerical form, has yet been devised.
Alternative Clustering Technique
The second possible improvement concerns the choice of clustering technique. It is arguable whether nodal clustering gives a fair representation of the situation existing in our data. The patient selected as the centre of the system may not necessarily be at the centre of any cluster. If this were so, it would seem not to be the optimal point at which to start a cluster analysis.
An alternative clustering technique is the method of single linkage in which patients most related are clustered together first, gradually admitting more members into the clusters by lowering the criteria of admission. It remains to be seen whether weighting and the application of this technique will enable us to define more precisely the disease entities which exist among patients with hepatic disease. The increasing reliance of the clinician on laboratory investigation and the faster turnover of patients in hospital beds has led to a tremendous increase in the demand for biochemical tests. At University College Hospital, records for the last sixteen years show that the demand has roughly doubled every five years: in 1949 we carried out 9,000 analyses whereas in 1965 the figure was 92,000. Very similar rates of growth have been reported by other teaching hospitals in this country (Eaton & Lathe 1963 , Whitby 1963 and there are no indications of any diminution of the rate of rise; on the contrary, there are pointers to an even faster rate of growth. Economic pressures necessitating more efficient use of hospital beds might well lead to the adoption of routine biochemical investigation of all patients admitted to hospital; even screening of well persons seems a possibility. This expansion has created and will continue to produce many new problems for the chemical pathologist, not least of which is the difficulty of handling all the data involved. Data processing, as far as pathology is concerned, embraces the handling of all information from the ordering of the test to the consideration of the report. For biochemical investigations at University College Hospital the main stages are as follows: (1) Making out the request form.
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(2) Labelling the specimen. (3) Allocating a laboratory number, which readily links the request form with the specimen and indicates the location of the latter in the specimen file. (4) Preparing the laboratory work lists. (5) Recording the raw analytical data. (6) Calculating the results. (7) Checking the quality of the batch of results. (8) Transcribing the results to the request form 28 to provide the current report. (9) Linking the current report with past results to produce a cumulative record. (10) Editing the cumulative record, i.e. checking the latest result in relation to the clinical information, previous results and other tests and adding a comment when appropriate. (11) Copying the cumulative record card by xerography to produce a cumulative report. (12) Storing the cumulative record in the laboratory. (13) Transmitting the cumulative report to the ward or clinic. (14) Placing the cumulative report in the patient's notes and discarding any earlier version.
The only nonstandard part of this routine is the merging of current with past results to produce a cumulative record; this provides a well-organized and concise summary of the patient's results for both clinician and pathologist (Flynn & Vernon 1965) .
Manual methods of processing laboratory data operate satisfactorily at present but, as pointed out by Rappoport (1965) , there are compelling reasons for considering the use of automatic data processing systems in the future. Work loads are rising; trained laboratory staff are scarce and as they now spend up to 30 % of their time on paper work we are not making the best use of their professional skill. Existing systems are too slow and data processing is becoming the bottleneck in the laboratory; often tests can be performed in The ion difference refers to the amount by which the anion and cation gap differs from average normal, and an asterisk is added whenever the imbalance is greater than usual
less time than it takes to prepare the report. Handwriting may be indecipherable and inevitably errors will occasionally occur during calculations and transcriptions, necessitating elaborate procedures to detect and correct them. Records are bulky and, because they are often badly organized and misfiled, retrieval of information is difficult or impossible. With automatic data processing it should be possible to lessen the clerical work, bring about faster reporting, cut out errors due to incorrect transcription, poor legibility and poor arithmetic, and improve the quality of the work by carrying out more compatibility and statistical checks than are currently possible. It should also become practicable to analyse records frequently for administrative and research purposes. Peacock et al. (1965) and Whitehead (1965) have reported favourably on the use of mechanical card-processing systems for handling data in clinical chemistry; Lindberg (1965) and Sobota et al. (1965) have used similar punch-card systems for dealing with the reporting of bacteriological and haematological findings. Use of a general purpose electronic computer makes practicable more extensive and comprehensive data processing because of the much greater flexibility of programming, the far higher speeds of operation and the compact storage of information. There are already several reports on the use of computer facilities for assisting laboratory data processing, notably by Constandse (1965) and Lamson (1965) ; Blaivas (1965) has reported on the use of an on-line data acquisition system. The possible documents that a general purpose computer might be programmed to produce, given the necessary requisition and test result data, are shown in Fig 1. At University College Hospital a small off-line digital computer has been sited within the hospital precincts for twenty-one months and, in collaboration with Elliott Medical Automation Ltd, Mr K A Piper and I have been devising means of using it for processing some of our biochemical test data. Getting information into suitable form for machine handling is one of the major problems of automatic data processing and it is for this reason that we have sought means of collecting and coding significant data automatically. As a high and increasing proportion of our analyses are now done with autoanalysers, efforts have been concentrated on devising a means of capturing data from these instruments in machine readable form. The analogue-to-digital converter equipment which has been engineered to do this is connected to the autoanalyser recorders and it automatically finds the peaks during the run of analyses and records their height on punched tape in binary code (Flynn 1965a, b The computer program we have developed for processing the raw data from our autoanalysers which are determining urea, bicarbonate, chloride, sodium and potassium in plasma and other body fluids, directs the following operations: it sorts the readings according to their channel of origin, searches for the standard chemical samples needed for calibration, corrects the patient's sample readings for instrument variation, calculates the chemical concentrations, correlates the results and, finally, merges the results with patient identification data which are manually punched on a separate data tape. The program also carries out many checks, e.g. that the readings of calibration standards fall within defined limits, and it draws attention to those results where the difference between the anions and the cations is greater than normal. In After completing the output for the tables the computer produces a further tape which enables each patient's results to be printed directly on to his cumulative record card. The benefits obtained so far with our limited use of the computer are an appreciable saving of laboratory time, elimination of reading errors and improved quality control. Errors inevitably creep in when peaks are read manually and the results are transcribed into laboratory work books.
When a comparison was mnade of the reading of 5,086 autoanalyser peaks by the automatic system and by the laboratory staff, 37 unacceptable errors were found in the manual readings, only some of which were detected in the subsequent checking procedures. Regarding quality control, working out daily means and standard deviations from results falling within the normal range would not be practical for us without the computer. Two quality control charts drawn up from the daily means data returned by the computer are shown in Fig 5. It is hoped to derive other benefits in the future when the computer is programmed to store results, as it will then become practical to analyse our data regularly and perform linkage studies.
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